INTRODUCTION {#sec1-1}
============

Infections due to Gram positive bacteria are increasing worldwide. Of these, enterococci have become one of the most common causes of nosocomial infections\[[@ref1][@ref2]\] including bacteremia and blood stream infections (BSIs).\[[@ref3]\] *Enterococcus* species are the fourth leading cause of bacteremia\[[@ref4]\] and globally account for approximately 10% of all bacteremias.\[[@ref5][@ref6]\] Vancomycin resistance is also a big problem in *Enterococcus* sp. more so in developed countries like USA\[[@ref7]\] and European\[[@ref8][@ref9]\] countries, though not a matter of much concern in most Asian countries due to low prevalence.\[[@ref10]\] In countries like India, the prevalence of Gram-positive bacterial infection is much lower in hospitalized patients than Gram-negative bacteria.\[[@ref11]\] Moreover, data regarding bacteremia due to *Enterococcus* spp. and also its resistance pattern in developing countries, especially in trauma patients are scarce.

This study was, therefore conducted retrospectively with the following aims: (i) To determine the prevalence of enterococcal bacteremia, (ii) to look into the factors associated with mortality and length of hospital stay (LOS) with enterococcal (vancomycin-resistant *Enterococcus* \[VRE\] and vancomycin sensitive *Enterococcu* \[VSE\]) bacteremia, (iii) to investigate the impact of vancomycin resistance and antibiotic therapy in enterococcal bacteremia among trauma patients, and (iv) to calculate the rate of enterococcal bacteremia per 1000 admissions.

METHODOLOGY {#sec1-2}
===========

Setting and study population {#sec2-1}
----------------------------

We performed a retrospective cohort study from January 2011 to December 2013 at a level I trauma care center serving a reference population of 16.3--17.8 million inhabitants during the study period. It has 176 functional beds out of a total of 186 beds with average total admissions per year of 4,094 during the study period. The hospital bed occupancy rate was 83% with an average bed turnover rate of 24/day. A total of 50,137 emergency visits and 4,384 major surgical procedures was performed out of a total of 4,850 surgical procedures during the study period per year. Patients with enterococcal bacteremia were identified using the microbiology laboratory database. We have included all the blood culture samples sent for bacterial culture during the study period.

Related information on patient demographics, antimicrobial use, medical procedures, treatment of enterococcal bacteremia, and outcomes of hospitalization was collected through a retrospective review of patient medical records from the hospital database.

Blood culture protocol {#sec2-2}
----------------------

Our institution recommends collection of at least two blood samples for evaluation of all episodes of suspected bacteremia. Blood cultures were processed using BacT/ALERT system (bioMieréux, Durham, USA) as per the manufacturer\'s instructions. Methods for processing positive blood cultures were standard.\[[@ref12][@ref13]\]

Definitions {#sec2-3}
-----------

Definitions of enterococcal bacteremia were based upon the definitions for nosocomial infections of the Centers for Disease Control and Prevention.\[[@ref14]\] Patients with enterococcal bacteremia included patients classified as having healthcare-associated bacteremia. For our study, enterococcal bacteremia was considered to be healthcare-associated if any one of the following criteria applied:\[[@ref15][@ref16]\] (i) One positive blood culture(s) taken more than 48 h after hospital admission; (ii) patient had previous hospital admission for 2 days; (iii) hospitalized patients who developed clinical signs of BSIs along with positive blood culture.

An episode of "significant" bloodstream infection was defined as an episode of bacteremia, in which those pathogens were present in ≥1 blood cultures.\[[@ref17]\] In this study, only the number of patients -- not the number of blood cultures -- was taken into consideration. All microorganisms isolated from blood of the same patient after 72 h of admission but within 1-week were considered a single episode.

Microorganisms recovered from blood cultures were identified using the automated VITEK 2 compact systems (bioMérieux, Durham, US) according to the manufacturer\'s protocol. Antibiotic sensitivity was done both by disc diffusion according to the Clinical and Laboratory Standards Institute guidelines,\[[@ref18][@ref19]\] EUCAST\[[@ref20]\] and VITEK 2 in parallel. Throughout the study, *Enterococcus faecalis* ATCC 29212 (vancomycin sensitive), *E. faecalis* ATCC 51299 (vancomycin-resistant) and *Enterococcus faecium* ATCC 700221 (vancomycin-resistant) were used as controls.

Statistical analysis {#sec2-4}
--------------------

Descriptive statistics was used in most cases, but test for significance was done wherever feasible. A value of *P* \< 0.05 was considered significant.

RESULTS {#sec1-3}
=======

Demographic findings {#sec2-5}
--------------------

Details regarding demographics, clinical characteristics, and outcomes of patients with enterococcal bacteremia are shown in [Table 1](#T1){ref-type="table"}. All the possible risk factors and the difference between VRE and VSE have been discussed in the table. It was seen that isolation was more in male (92, 88.4%) compared to the female patients.

###### 

Distribution of various demographic and clinical findings in the trauma patients with enterococcal bacteremia

![](JLP-7-38-g001)

During the study period, a total of 28,237 samples was received, of which 9,636 consists of blood samples for culture. From these, 104 nonrepetitive *Enterococcus* spp. were isolated from different trauma patients. By nonrepetitive bacterial isolate, we mean in this study inclusion of only one isolate of *Enterococcus* sp. from one type of sample obtained from a patient from subsequent positive samples for a week. We have used this working definition for this study as typing of the bacterial isolates was not done in this study. Of these, *E. faecium* (54/104, 52%) was the most common, followed by *E. faecalis* (48/104, 46%) and 1 (1%) each of *Enterococcus gallinarum* and *Enterococcus cassiliflavus*. This shows that *Enterococcus* sp. bacteremia is very much prevalent among the trauma patients admitted for care. The antimicrobial sensitivity pattern of different *Enterococcus* spp. is shown in [Table 2](#T2){ref-type="table"}. It was seen that a low level of vancomycin resistance was present in the *Enterococcus* spp. at our center. Our study also observed that the number of bacteremia due to *E. faecalis* was high in 2011, but was gradually overtaken by *E. faecium* during 2012 and 2013 subsequently.

###### 

Distribution of various *Enterococcus* spp. and its antimicrobial sensitivity pattern

![](JLP-7-38-g002)

In the patients having bacteremia due to VRE, 7 (55%) were treated with teicoplanin monotherapy, whereas 2 (18%) each with linezolid monotherapy or no antibiotics, respectively, in the beginning. However, a combination (concurrent or in sequence) of teicoplanin, linezolid, or benzylpenicillin as definitive therapy had to be administered to 8 (22%) patients with VRE. In the patients with VSE bacteremia, definitive therapy with IV glycopeptides (vancomycin or teicoplanin) and penicillins (ampicillin/benzylpenicillin/ticarcillin-clavulanic acid/piperacillin-tazobactam) were given to 56 (40%) and 37 (18%) patients, respectively. A combination of vancomycin, teicoplanin, linezolid, ampicillin, or benzylpenicillin was administered to 30 (26%) of the VSE patients either concurrently or in sequence later. Intravenous gentamicin daily was administered in combination with ampicillin in 15 (16%) patients with VSE whereas oral linezolid was administered in 7 (8%) patients.

It was seen that a very high-level of resistance was seen to gentamicin high-level in all the species of *Enterococcus* causing bacteremia whereas a low level resistance to vancomycin and teichoplanin was observed among the isolates \[[Table 2](#T2){ref-type="table"}\].

Overall mortality was more among those patients infected with VRE (5/11, 46%) compared to those with VSE (9/93, 10%); though there was no significant association of mortality with *Enterococcus* spp. bacteremia (*P* \> 0.05) in our study. Similarly, LOS was more in those patients with VRE infection compared to those with VSE infection but this did not influence the mortality of the patients \[[Table 1](#T1){ref-type="table"}\].

*Enterococcus faecium* bacteremia amounted to rate of 13/1,000 admissions (54/4,094) whereas *E. faecalis* bacteremia amounted to 12/1,000 admissions (48/4,094) in our center. However, bacteremia due to *E. gallinarum* and *E. cassiliflavus* amounted to a rate of 0.2 episodes/1000 admissions (1/4,094) each. Overall, the rate of bacteremia due to *Enterococcus* spp. was 25.4 episodes/1,000 admissions (104/4,094) during the study period.

DISCUSSION {#sec1-4}
==========

Our study found that bacteremia due to *Enterococcus* spp. irrespective of VSE or VRE was more in males compared to females. Prior Intensive Care Unit (ICU) stay was associated with increased bacteremia with VRE in our study. Similar findings have been seen in other studies.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\]

Our study has seen a shift from *E. faecalis* to that of *E. faecium* in the later part of the study, which was also seen in another study.\[[@ref21]\] This may be explained by the stringent antibiotic policy introduced after an increase in *E. faecalis* or selecting up of *E. faecium* after eliminating *E. faecalis*. Our study found a low level of vancomycin resistance among the *Enterococcus* isolates which is an encouraging finding. Furthermore, enterococcal bacteremia was not a significant risk factor of mortality in our study though it influenced the morbidity and increased the LOS. This might be explained by the prevalence of low level of VRE in our center. Another study in neutropenic patients also showed that vancomycin resistance does not affect the 7-day and 30-day mortalities in a relatively homogeneous group of patients.\[[@ref22]\]

Our study found only one case of polymicrobial bacteremia with *E. faecium* bacteremia though the frequency is high in other studies.\[[@ref23]\] Furthermore, longer duration of hospital stay was seen in VRE patients compared to those of VSE, which might support the fact that longer LOS is an independent risk factor for VRE bacteremia/BSI.\[[@ref3]\] Though prior ICU stay was more among VRE bacteremia patients, our study did not observe a significant association of mortality with either VRE or VSE bacteremia. The reverse situation was seen in another study.\[[@ref3]\] However, other risk factors like co-infections or co-morbidities, cost of treatment/hospitalization could not be looked into detail due to the retrospective nature of the study.

In this study, a high-level resistance to ampicillin was seen in both *E. faecium* (50, 93%) and *E. faecalis* (39, 81%), respectively. Similar picture was also seen in *E. faecium* (50, 93%) and *E. faecalis* (36, 75%) to ciprofloxacin as was seen in another study.\[[@ref24]\] A high-level of resistance to gentamicin high-level was seen in the *Enterococcus* spp. responsible for bacteremia; though the reverse was seen with vancomycin and teichoplanin our study. Though the number of bacteremia due to VSE among trauma patients has increased over the years in the study, there was no significant risk of mortality associated with it. However, it might precede the emergence of more and high-level of VRE in future. Such an observation was also noted in another study.\[[@ref24]\]

Our study has many strengths. It is a study of enterococci bacteremia/BSI in trauma patients and such studies are rare. Trauma patients generally lack underlying illness/co-morbidities and are usually middle-age. Thus, these infections are undoubtedly nosocomial. The BSI/bacteremia rate was expressed per 1000 patient admissions instead of catheter-days. The changing pattern of *Enterococcus* sp. was clearly shown in the study and may act as a baseline data for comparison in future. Furthermore, the study tried to look into possible risk factors.

This study is not without limitations. First, it is a single-center study design, which makes extrapolation to other institutions difficult. Second, it is not a randomized study, with the resulting risk of bias due to confounding factors. Furthermore, continuous monitoring of all patients outside the ICUs was not possible due to the retrospective nature of the study. Retrospective data collection and pooling of data may be subject to variability. To ensure precision in data interpretation, criteria for the exposure and outcome were interpreted cautiously. As the majority of the patients had VSE bacteremia during the study period (2011--2013), matching VRE and VSE patients for date of admission was not possible in the study. Furthermore, we were unable to obtain the standardized data on costs of hospitalization due to enterococcal BSI.

CONCLUSION {#sec1-5}
==========

Enterococcal bacteremia is much prevalent in trauma care facilities especially in the ICUs. Enterococci persist in patient environments for long time periods and are notoriously difficult to eradicate. Here, a microbiologist can act as a sentinel, help in empirical therapeutic decisions and also in preventing such infections. Intensified infection control and proper antibiotic stewardship may help in curtailing this infection and preventing it in the long run.
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